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(57) ABSTRACT 

A trapezoidal shaped silicon slider is described in the present 
invention. The slider has a first parallel surface larger than 
a second parallel surface, thereby generating a built-in 
positive pitch with respect to a recording medium when the 
slider is incorporated into a hard disk drive. The slider 
further includes round edges at the first parallel surface, 
longitudinal holes within its body, non-planar slanted side 
surfaces, and a rounded leading edge. The silicon, trapezoi- 
dal slider is fabricated using a deep reactive ion etching 
(DRIE) technique. 

16 Claims, 6 Drawing Sheets 
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SILICON SLIDERS WITH TRAPEZOIDAL trailing edge with respect to the disk), which requires that 

SHAPE AND DRIE PROCESS FOR the suspension be bent in a particular way. FIG. 1 is a 

FABRICATION schematic diagram showing a magnetic recording system 

100 including a recording medium 102 and a rectangularly 

5 shaped slider 104 mounted on a flexure 108 connected to a 

FIELD OF THE INVENTION suspension 106 through a gimbal 110. The flexure 108 is 

r„ . . . , „ i , bent to provide a positive pitch 6. 

This invention relates generally to recording head sliders „ „ „ w . , . Y . „ , M 

of disk drive assemblies. More particularly, it relates to Pa ' No " 4 ' 80 ^f; t0 U2zm on , Feb - 28 ' 

trapezoidal-shaped silicon sliders. in 1989 ' f^ses a head slider for magneUc recording on a 

1° recording media. The slider is a silicon wafer with a first face 

BACKGROUND ART parallel to the recording media and a second opposite face 

parallel to the first face. A flat magnetic head is integrated 

Hard disk drives utilizing magnetic data storage disks are into the silicon wafer in the first face, and an electronic 

used extensively in the computer industry. A head/disk circuit is integrated in either first or second face. The slider 

assembly typically includes one or more commonly driven 15 is thinner than a conventional slider. However, there is the 

magnetic data storage disks rotatable about a common potential for damage of the recording media as the edges of 

spindle. At least one head actuator moves a plurality of the slider make contact with the disk, 

magnetic read/write heads radially relative to the disks to ^ eDtitled « A New S ub-Femto Slider for Mass 

provide for reading and/or writing of data on selected Production Planar Silicon Head" by Uzzari et al., published 

circular concentric tracks of the disks. Each magnetic head 20 m m£E Transac tions on Magnetics, Vol. 34, No. 4, July, 

is suspended in close proximity to one of the recording disks mSf discloses a slidcr of triangular shape. The triangularly 

and supported by an air bearing slider mounted to the shaped slider is fabricated by cutting a silicon wafer in three 

flexible suspension. The suspension, in turn, is attached to a directions. The triangular shape reduces the unused surface 

positioning actuator. of the sUder Howcver> an unwanted process deviation may 

During normal operation, relative motion between the 25 lead to slider non-triangularity, and there is still the potential 

head and the recording medium is provided by the disk for damage of the recording media as the edges of the slider 

rotation as the actuator dynamically positions the head over make contact with the disk. 

a desired track. There is a need, therefore, for an improved slider that 

The relative motion provides an air flow along the surface ^ Q overcomes the above difficulties, 
of the slider facing the medium, creating a lifting force. The 

lifting force is counterbalanced by a known suspension load SUMMARY 

so that the slider is supported on a cushion of air. Air flow A ^cording head slider having a trapezoidal shape is 

enters the leading edge of the slider and exits from the described according to an exemplary embodiment of the 

trailing end. The head resides toward the trailing end, which 35 pre sent invention. The slider is made of silicon and has a first 

tends to fly closer to the recording surface than the leading parallel surface larger than a second parallel surface. The 

e dge. first parallel surface is the surface upon which the recording 

Conventional magnetic recording head sliders are typi- head is fabricated. The first parallel surface of the slider also 

cally made from wafers of a two-phase ceramic, TiC/Al 2 0 3 , includes rounded corners. 

also called Al-TiC. After the thin film processing to prepare ^ Th e slider further may include longitudinal, through or 
the recording heads is performed on the Al-TiC wafers, the partially-through holes within its body to reduce the mass of 
sliders are then formed. The sliders are fabricated by cutting, the slider. A pattern of these through or partially-through 
grinding and lapping the wafer made of the above material. no i es ma y be used as a slider identification system, as well, 
This involves a series of shaping and polishing operations, ^ which a reader may identify the slider origin based on the 
and also the formation of an air bearing, usually using dry 45 pattern of the holes at the surface. The slider may also 
etching, on the polished surface. include longitudinal grooves, having an arbitrary cross- 
Normally, magnetic recording head sliders are formed to section, along its slanted side surfaces. These grooves pro- 
have a rectangular prism shape, having a rectangular foot- duce non-planar structures along the length of the slider 
print. Occasionally an unwanted process deviation, such as body, allowing more convenient part handling and location, 
substrate misalignment or uneven lapping pressure, leads to 50 Furthermore, these grooves may also form the basis of a 
substrate non-rectangularity. Alternatively, sliders have been slider identification system, in which the presence or 
fabricated having a triangular shape. absence of a groove or protrusion along the sides or top of 
The nature of magnetic recording has changed in the last the slider allows its identification with respect to position 
several years from one in which a slider comes to rest on the location within the wafer and/or the wafer identity, 
recording medium, either in a data field or a special landing 55 The trapezoidal silicon slider of the exemplary embodi- 
zone, to one in which a slider is never allowed to come to ment is incorporated in a recording device. The recording 
rest anywhere upon the recording medium. This is accom- device includes a trapezoidal silicon slider mounted on the 
plished through the use of a "load/unload" device, which is suspension, which is suspended above a recording medium, 
essentially a ramp containing a resting place for the The slider is mounted on the suspension at its first slanted 
suspension/slider assembly. A metal extension from the 60 side surface such that a trailing end of the slider, which is the 
suspension is used to hold the assembly in place. One first parallel surface of the slider, is larger than its leading 
problem with this approach is that as the slider and suspen- end, which is the second parallel surface of the slider, 
sion are swung back onto the disk from the rest position, Therefore, a built-in positive pitch of about 0.6 degree is 
there is the potential for disk damage as the leading edge of generated. The leading end of the slider has a rounded 
the slider and longitudinal edges contact the disk. To prevent 65 leading edge that is advantageous for preventing the damage 
such disk damage, the slider is mounted on the suspension of a magnetic recording disk when the leading edge contacts 
with a positive pitch (the leading edge is higher than the the disk during operation. A second slanted side surface 
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opposite the first slanted side surface is an air bearing encountered, the ions generate a charged region which repels 
surface of the slider in the recording device. The longitudi- much of the ion bombardment. The ions are then deflected 
oal edges at this air bearing surface arc also rounded during toward the bottom edge of the etched bole, causing localized 
the slider fabrication process. etching or undercutting at this point. This is normally to be 
The trapezoidal slider of the exemplary embodiment is 5 avoided, but for the situation where a rounded edge is 
fabricated using a commercial deep reactive ion etching desired, this process may be used to advantage. After the 
(DRIE) technique. A silicon substrate is first provided, upon bottom edge of the hole is rounded, the rounding process is 
which the recording head is fabricated using thin film terminated once the insulator at the bottom of the hole is 
processing. Photoresist masks are then deposited onto a top etched away. Thus, when the underlying electrically con- 
surface of the silicon substrate. The photoresist masks are i 0 ductive layer is exposed, the rounding process is completed, 
patterned with round corners, through holes, and grooves at jh e degree of desired rounding determines the desired 
the sides, producing a slider having a first parallel surface thickness of the insulating layer. 

with rounded corners, longitudinal through holes or The trapezoidal-shaped slider of the present invention has 

partially-through holes within the body, and the longitudinal a reduced mass red witb a conventional rectangular 

grooves along its slanted side surfaces. Partially-through 15 sfa d slid whicn the mecba nical response of 

holes may be generated in the slider body by choosing a ^ oyeraU see i dn g /lrack . fo ] lowing performance in the hard 

maximum diameter or dimension of the pattern in the disk drfve Furtnermor e, the trapezoidal-shaped slider pre- 

photoresist used to define the etched area. If ttm dimension vents ^ d durf opera , ion . ^ rounded corn ers 

is below a certain level, dependent on the thickness of the ^ ed generated during slider etcning ^ reduce ^ 

wafer to be etched, the etching process is terminated at a 20 d durf ation _ Gro formed ^ the sides 

point above the bottom of the wafer. Thus, somewhat conical Qr of ^ sJider dufin ^ ^ ^ aU(JW ^ 

holes may be generated which merely reduce the slider machine rf ^ of ^ slider ^ locadon of the 

mass, but do not go through the wafer These may be used surface Furlhermore) mese ^ be med t0 make 

to prepare a machine readable slider identification pattern, a m which ide ntifi C ation of the location of the 

also Through careful selection of the process parameters, ^ ^ ^ in me waf d ^ me identiflcatioD of 

slightly re-entrant angled etch surfaces are generated during the wafef ilself Such , , em the slider identft ^ 

the etching, resulting in a slider with a first parallel surface be ^ rin ted during the DRIE process, rather than during 

larger than a second paraUel surface and trapezoidal, etched, ^ dedicated process. The pattern of through or 

slanted side surfaces. It should be noted that the DRIE partia i ly .t hrough ho i es on the top of the etched surface can 

process alluded to here is appropriate for etching Si and 30 be ^ for dider identificat ion, as well, 
much less so for other materials. If it is necessary to remove 

material overlying the Si substrate in preparation for etching BRIEF DESCRIPTION OF THE FIGURES 
the Si, a means of etching or removing this material other 

than using DRIE is necessary. FIG - 1 is a schematic diagram showing a side view of a 

Since it is desirable to have a leading end with rounded 35 magnetic recording system using a rectangularly shaped 

edges, a technique is used, based on the DRIE process, to shder of tne P nor art; 

generate the rounded edges. A thin, insulating layer is FIGS. 2a-2b are schematic diagrams showing an isomet- 

deposited on the bottom surface of the silicon substrate. The ric view and a top view, respectively, of a trapezoidal shaped 

insulating layer is generated by thermally oxidizing or shder according to an exemplary embodiment of the present 

sputter depositing a thin oxide layer on the bottom surface 40 invention; 

of the silicon substrate. (The thermal oxidation process, FIG. 2c is a schematic diagram showing a top view of the 
performed at relatively high temperature, is only applicable trapezoidal slider with a pattern of through and partially- 
preceding recording head fabrication.) The thickness of the through holes for slider identification; 
oxide layer is between about 0.05 micron and 1.0 micron, p IG 2 d is a schematic diagram showing a top view of the 
preferably 0.1 micron. Alternatively, the thin insulating layer 45 trapezoidal slider with grooves and protrusions used for 
can be a cured photoresist layer on the bottom surface of the slider identification* 

silicon substrate. The thickness of the photoresist layer is FIG. 2e is a schematic diagram showing an isometric view 

between 0.3 micron and 3 micron. An electrically conduc- of ^ ft idal ^ ^ a fongimdinal groove that 

live layer is also deposited adjacent to the msulaUng layer of ^ slider 

The conductive layer may be a vacuum- deposited metal 50 _ „ , , . , . , . , . 

layer or it may be a conductive adhesive. Such a conductive FIG ' 3 15 a ^hematic diagram showing a side view of a 

adhesive layer is deposited by laminating a thick film or magneUc recording system using the trapezoidal shaped 

spinning a layer of the conductive adhesive on the silicon sllder of FIG - 2; and 

substrate after the insulating layer is deposited on the wafer. FIGS. 4a-te are schematic diagrams showing a series of 

Alternatively, the conductive layer can be deposited by 55 steps for fabricating the trapezoidal shaped slider of FIG. 2. 

laminating a thick film or spinning a layer of conductive DETAILED DESCRIPTION 

adhesive on a necessary support substrate, which holds the 

silicon substrate during the etching process. In both cases the Although the following detailed description contains 

wafer with insulating layer is positioned on the additional many specifics for the purposes of illustration, anyone of 

substrate, with the conductive adhesive intermediate eo ordinary skill in the art will appreciate that many variations 

between the two. In the case where the wafer is metallized, and alterations to the following details are within the scope 

the adhesive need not be conductive. of the invention. Accordingly, the following preferred 

The rationale for the above structure is that during the embodiment of the invention is set forth without any loss of 

DRIE process the species which perform the etching of the generality to, and without imposing limitations upon, the 

Si wafer arc ionized and are accelerated toward the bottom 65 claimed invention. 

of the hole by the fields produced in the DRIE tool. If, at the FIG. 2a is a schematic diagram showing an isometric 

bottom of an etched hole or trench an insulating region is view of a trapezoidal recording head slider 200 according to 
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an exemplary embodiment of the present invention. Slider 
200 is made of silicon and has a first parallel surface 202 
larger than a second parallel surface 204. The first parallel 
surface 202 of the slider 200 has rounded corners 203. The 
slider 200 includes longitudinal through holes 207, longitu- 5 
dinal partially-through holes 211 within its body, and lon- 
gitudinal grooves 209, 213 along its slanted side surfaces 
206, 208, and 210. (For the sake of simplicity, only one 
through hole, one partially-through hole, and one grove at 
each slanted sides are shown in FIGS. 2a and 2b). The slider 1Q 
200 typically has a height h of about 1200 microns, a first 
width Wj of about 1000 microns, a second width w 2 of about 
975 microns, a first thickness tj of about 300 microns, and 
a second thickness of about 294 microns. 

FIG. 2b is a schematic diagram showing a top view of the 15 
slider 200 with respect to FIG. 2a. As shown in FIG. 2b, the 
slider 200 includes longitudinal through holes 207 and 
partially-through holes 211. These holes serve to reduce the 
mass of the slider 200 to improve the mechanical response 
of the overall seeking/track-following performance in the 2 q 
hard disk drive. A pattern 220 of these through or partially- 
through holes, which is shown in FIG. 2c, may be used as 
a slider identification system, as well, in which a reader may 
identify the slider origin based on the pattern of the holes at 
the surface. Longitudinal grooves 209, 213 at the slanted ^ 
surfaces 206, 208 and 210 may be useful for locating the 
slider 200 in various fixtures or gripping devices. 
Furthermore, these grooves may also form the basis of a 
slider identification system, as shown in FIG. 2d, in which 
the presence or absence of a groove or protrusion along the 30 
sides or top of the slider allows its identification with respect 
to position location within the wafer and/or the wafer 
identity. A width of a groove or protrusion is 25 microns. In 
addition, the groove 213 at the slanted surface 208 locates 
the centerline of the top surface, as shown in FIG. 2e, where 35 
the slider is connected to a suspension 306, as shown in FIG. 
3. 

The slider 200 is incorporated into a magnetic recording 
system 300 as shown in FIG. 3. The recording system 300 
includes the trapezoidal slider 200 mounted on a suspension 40 
306, which is suspended above a recording medium 302. 
The slider 200 is mounted on the suspension at a first slanted 
surface 208 such that the trailing end of the slider, which is 
the first parallel surface 202, is larger than the leading end 
of the slider, which is the second parallel surface 204. 45 
Therefore, a built-in positive pitch a is generated. Typically, 
a is about 1 .2 degrees. The second slanted side surface 212, 
opposite the first slanted side surface 208, is an air bearing 
surface of the slider 200 in the recording system 300. As 
shown in FIG. 3, the slider 200 includes a rounded leading 50 
edge 205. 

The rounded corners 203, the built-in positive pitch a, and 
the rounded leading edges 205 of the slider 200 prevent 
damage to the recording medium 302 as the slider 200 is 
swung back to the recording medium 302 from its rest 55 
position. Furthermore, the overall desired pitch of the sus- 
pended slider can be obtained without a special bending 
procedure on the suspension 306, thereby allowing the 
trailing edge 203 of the slider 200 to be brought into 
proximity with the recording medium 302 under conditions eo 
which improve the reliability of the load/unload and general 
operation. Furthermore, mass of a trapezoidal shaped slider 
is reduced compared with that of a conventional rectangular 
shaped slider. 

Hie slider of the type depicted in FIGS. 2-3 is fabricated 65 
using silicon as a slider material and a commercialized 
process designed for etching silicon ("Deep Reactive Ion 
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Etching of Silicon" by A. A. Ayon et al., published in 
Materials Research Society, Vol. 546, Page 51-61, 1999; 
and "High Aspect-Ratio Combined Poly and Single-Crystal 
Silicon (HARPSS) MEMS Technology" by Farrokl Ayazi et 
al., published in Journal of Microelectromechanical 
Systems, Vol. 9, No. 3, 2000). 

FIGS. 4a-4/ are schematic diagrams showing a series of 
steps for making a trapezoidal slider of the present inven- 
tion. As shown in FIG. 4a, which illustrates a side view of 
the structure, a photoresist mask layer 404 is deposited on 
the top surface 401 of a silicon substrate 402, upon which a 
recording head is fabricated using thin film processing. The 
photoresist mask layer 404 is a thick film resist, whose 
thickness generally exceeds about 20 microns, and may 
exceed 50 microns. A dry film form of this resist may be 
laminated onto the wafer surface 401, or, for a liquid resist, 
it may be spun onto the surface. A thin insulating layer 414 
is deposited on a bottom surface 403 of the silicon substrate 
402. The insulating layer 414 is deposited by either ther- 
mally oxidizing or sputtering a thin silicon oxide layer on the 
bottom surface 403 of the silicon substrate 402. (The thermal 
oxidation process, performed at relatively high temperature, 
is only applicable preceding recording head fabrication). 
The thickness of the oxide layer 414 is typically between 
0.05 micron and 1.0 micron, preferably about 0.1 micron. 
Alternatively, thin insulating layer is deposited by applying 
a thin, spin-coated photoresist on the bottom surface of the 
silicon substrate. The thickness of the photoresist layer 414 
is between about 0.3 micron and 3 microns. 

An electrically conductive layer 416 is also deposited 
adjacent to the insulating layer 414. The conductive layer 
416 can be deposited by vacuum metallization, or by using 
a conductive adhesive applied by laminating or spinning a 
layer of the adhesive on the silicon substrate 402 after the 
insulating layer 414 is deposited on the silicon substrate 402. 
Alternatively, the conductive layer 416 can be generated by 
laminating a thick film or spinning a layer of the conductive 
adhesive on an additional substrate (not shown in F[G. 4), 
which holds the silicon substrate during etching process. In 
this case the silicon substrate 402 with insulating layer 414 
is positioned on and pressed against the additional substrate. 
The conductive adhesive is typically made of a conventional 
adhesive which is filled with conducting metallic particles, 
and has a thickness between about 5 and 50 microns. 

The photoresist mask layer 404 is patterned to produce 
unetched surface regions 405 as shown in FIG. 4b, which 
illustrates a top view of the structure in FIG. 4a. Regions 405 
are patterned with rounded corners 401, through holes 410 
and/or partially-through holes 411, centering groove 408, 
and side grooves 406, as shown in FIG. 4c. Masked regions 
405 will produce the sliders with rounded corners, longitu- 
dinal through holes and/or partially-through holes within the 
bodies, and longitudinal grooves at the slanted side surfaces 
during etching process. Partially-through holes 411 may be 
generated in the slider body by choosing a maximum 
diameter or dimension of the pattern in the photoresist used 
to define the etched area. If this dimension is below a certain 
level, dependent on the thickness of the wafer to be etched, 
the etching process is terminated at a point above the bottom 
of the wafer. Thus, somewhat conical holes may be gener- 
ated which merely reduce the slider mass, but do not go 
through the wafer. The regions 405 also protect the bonding 
pads 412 which are used for electrical interconnection to the 
recording head (not shown). The longitudinal through and/or 
partially-through holes provided by mask holes 410, 411 
should be located in regions not occupied by the active head 
structure. 
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The system is etched using a commercialized deep reac- 
tive ion etching (DRIE) process. With proper selection of 
process parameters, undercuts are generated during etching, 
resulting in the slider structure 417 having a first parallel 
surface 418 larger than a second parallel surface 420 as 5 
shown in FIG. 4d Each of the etched slanted side surfaces 
is trapezoidal (not shown in FIG. 4). The undercut angle a/2 
is chosen to be typically about 0.6 degrees. A person with 
ordinary skill in the art will know how to select the etching 
parameters and mask pattern to generate a desired undercut 10 
in the range of 0. 1 to 3 degrees. It should be noted that the 
undercuts reduce the mass of the slider more with increasing 
undercut angle. For example, a one-degree undercut angle 
reduces the overall mass of a so-called pico slider by about 
3.4%. 15 

The insulating layer 414 at the bottom surface of the 
silicon substrate 402, which has a charged surface, repels the 
ions of the DRIE process once the silicon substrate is etched 
through. The ions are diverted toward the bottom edge of the 
etched Si hole or trench until the insulating layer 414 is 20 
etched away, resulting in the undercutting (rounding) bottom 
edges 422 of the slider 416 as shown in FIG. 4e The 
insulating layer 414 is chosen to be sufficiently thin that it is 
etched through in a short time, at which point the conductive 
layer 416 is reached. The degree of desired rounding deter- 25 
mines the desired thickness of the insulating layer 414. 

It will be clear to one skilled in the art that the above 
embodiment may be altered in many ways without departing 
from the scope of the invention. Accordingly, the scope of 
the invention should be determined by the following claims 30 
and their legal equivalents. 

What is claimed is: 

1. A magnetic recording head slider made of silicon and 
shaped as a hexahedron, the slider having: 

(a) a height h corresponding to distance between first and 
second generally rectangular parallel surfaces, the first 
parallel surface being the trailing end of the slider and 
the second parallel surface being the leading end of the 
slider; ^ 

(b) a thickness tl at the first parallel surface and a 
thickness t2 at the second parallel surface, wherein tl 
is greater than t2 such that the slider has a greater 
thickness at its trailing end than at its leading end, 
thereby enabling a built-in positive pitch; and 4S 

(c) a width wl at the first parallel surface and a width w2 
at the second parallel surface, wherein wl is greater 
than w2; wherein each of the remaining four surfaces is 



generally trapezoidal, two of the four trapezoidal sur- 
faces being non-parallel slanted side surfaces defined 
by wl, w2 and h. 

2. The magnetic recording head slider of claim 1, further 
comprising: a magnetic recording head on the trailing end of 
the slider. 

3. The magnetic recording head slider of claim 2, further 
comprising: 

a suspension, on which the slider is mounted at a first one 
of the two non-parallel slanted side surfaces. 

4. The magnetic recording head slider of claim 3, wherein 
the slider is an air-bearing slider, and wherein a second 

one of the two non-parallel slanted side surfaces com- 
prises the air bearing surface of the air-bearing slider. 

5. The magnetic recording head slider of claim 3, wherein 
the suspension is suspended above a recording medium. 

6. The magnetic recording head slider of claim 1, wherein 
the first parallel surface has rounded corners. 

7. The magnetic recording head slider of claim 1, further 
comprising: 

longitudinal holes originating from the first parallel sur- 
face at least partially through the slider. 

8. The magnetic recording head slider of claim 7, wherein 
the longitudinal holes are completely through the slider. 

9. The magnetic recording head slider of claim 7, wherein 
the longitudinal holes are partially through the slider. 

10. The magnetic recording head slider of claim 7, 
wherein the longitudinal holes forms a pattern that identifies 
the slider. 

11. The magnetic recording head slider of claim 1, 
wherein at least one of the remaining four surfaces has 
longitudinal grooves. 

12. The magnetic recording head slider of claim 11, 
wherein the longitudinal grooves identify the slider. 

13. The magnetic recording head slider of claim 1, 
wherein an undercut angle between the first parallel surface 
and a vertical surface ranges firom 0.1 to 3 degrees. 

14. The magnetic recording head slider of claim 1, 
wherein the leading end comprises rounded leading edges. 

15. The magnetic recording head slider of claim 1, 
wherein a slanted side surface is an air bearing surface of the 
slider. 

16. The magnetic recording head slider of claim 1, 
wherein the slider is fabricated using a deep reactive ion 
etching technique. 
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